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Abstract

Hard disk drive (HDD) production;needs to be manufactured in a clean room that
keep particulate contamination to the minimum. Therefore, this research aimed to apply the
computational fluid dynamics (CFD) to lsimulate airflow inside a clean room of an HDD
factory that planned to be renovated. To find the optimal placement of machinery under
actual environmental conditions of the factory, 2 models of clean room subject to the
layout and the requirement of factory;were created. The results from CFD simulation
revealed airflow and particle traces inside the clean room of each model. These results
agree with preliminary data collected by:the factory. Analytical results lead to the decision
to choose the optimal placement of machinery with efficiency to reduce particle
contamination in the manufacturing process. Presently, the results from this research are
applied to practical applications for renovation of HDD manufacturing clean room.

Keywords: clean room, computational fluid dynamics, contamination, airflow, manufacturing
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Uﬁug CFD fo find the best placement of HDD mdﬁcﬁm mch!nety for ma
rengvation of factory cléan room

Jatupom Thoagsi'", Monsak Pirisara’ and Worapol Tangsdpa’

‘Computer Simulation in Engincering Research Group, Colfege of Advanced Manufacturing
Innovation, *Bepdrtmient of Mechanica! Engincering, Faculty of Engincering,

King Morigkut's lastitute of Technalogy Ladkrebang, Bangkok, 10520, Thailand,

Emuil address: jampomm@&mu sc.th

-Abstract

HDD production necdsmhmwutlmnmmtmmpmmw
cortamination o the minisuan. I planninig a renovation of a clean toon in an HDD ﬁc!wy
in Thailand, # questioh cameupwhether to pit compooents of HDD produgtion machinery
on raised plutfomts o keop thémi o the foor fevel in ofer 10 bétter minimizs contansinuation,
This study wis conducted 1o find The snswer using compulational fluid dynamics (CFD),
simulation software, Ansys Fluent, combined with. the real ventitation conditions planmed for

the clean zone. The simmiated results showed that keeping thcmacmwm the same level

wﬂh the floor {s more cﬂmxm
Keywords: Computationa! Fivid Dynamics, CFD, Clean Rooen, Aiflow, Parficle Contangination

1. Introduction
Minute sirborne particles lodging on small hard disk drive parts can render a hard diskdrive
(HDD) unusable. Therefore, HDDs treed t6 be mandfactired i # clean room that complics to

Us FEDS‘H)IMESW:M[!LMIWSC!MW@!&&S lO(ﬁ)ﬂmtkMW!dclymedm

HDD production industry, Clean room ¢lass 1000 allows ot more than 100D of 0.5 micyon
particles in one cubic foot of air: Ahough this class of clean room gusrantees low particalate
coniamination in the room, in general, additional measures need fo be taken to cnsure that chean

“zoncs in the room are as free of contaminated particles ss possibie,

‘This study was bom out of a collsboration berween the wuthors and the rescarchers at an
HDD factory in Thailand in ar effort to plan out 1 major renovation of its clean soom for it to
be as effective as possible. Originally, the class 1000 clean room wis built 10 the standard of
its dy ad has been operating cffectively. However, as fime péssed and more and more new
mm%mmu%@ho@mmmﬁrmmmcmmmmmgm
mummmmmuﬂhnmdmmanmsm.mmrwmkmzmofm
immediste problem bunt afso f&mppmﬂnghmmi&aremmﬁw&mmﬁm
would be introduded Jater,

To!uwem|dcaofwha1kmdofmrﬂow;mtmwm!lﬂﬁofmnlmmnammthcwbc»
renovated clean rom would be, the compurations! Nuid dynamics (CFD) simulation was

:mwlnwd.cmmbcmaltosxmmcairﬁvwxhaclemmommdcrmndiﬁmsmdmm

pammmthmixmwwmconhcmmmedmm smhnsimmompm mc!ﬁue
Mmmdsmﬁlzﬁmwmmdopemm parzmeters, To date, CFD has been w’idvly

-applied (o mumerous problems and in many research studics. For example, .CFD was
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sucecssﬁdiy a;upiwd to u:duec pirticulate cmtamzm dunng pmdmion clean rooms
[2.3). Lud et al[4) used CFD1o investigate the effects of medial lamp and therma! plume on
the airflow in a medical operating room and were able (o awlylhemu!tsmmﬂwwmbcr
of infection ingidents. Receatly, authors, Thongsri and Pimsarm [5,6] has used CFD o simutate
the air Jow and particle trace over and mundapmofHDDnmhmryin an KDD factory
inordm’mdﬁmzimlfwbcsﬂzrﬂwmglmtmm by the factory,

Emcm@d by the above successes, this study used €FD 10 simidlate the airflow in a clean
toom in an HOD fmyundercondmmmdwnhmmnmmdm imitate those of the room
in order to find the answers to, the: {ollowing questions: “Does it make any differcnce to the
airflow if picces of machinery are put on a mised platform versus if they are kigpt level with the
ground? [Tso, how arethe differences?™ and “What are the most effective setup conditions and
paramercts of the ventilation system to minimize particulate contamination?”

2. Theovetical Background
Mathematically, airflow paster can be determined bya system of differential-equations—~

‘conservation equations and furbulence equations [7}-while padicte trace can be determined by

the following particle force balance equation (8),

dupfdt = Fy(uy — wp) + g(pp = pp)/pp + K mn

wherepand g represen particle and fluid, respectively, £, is dmg force acting on the particle,
F, is another external force such as the Saffman lift foree, and p, 2> p,, 50 only Saffinan lift
force is significant. uis velocity.

Inlet and outlet airflow conditions are according to @ mass flow rate cquation,

mass flow rate’ (kg/s) = gdv (2)

where A is ¢ross-sectional asca that ait flows through and v is veldcity perpendicular 1o that
area,

For particle trace investigation, we modeled ‘(e simulated particles as o stainless steel
particle, the kind of particle most often found in the factory, whose diameter and density were
0.5 pm (which was considered very small) and 8,000 kg/m” (whichi was many folds higher than
the density of air of 1.225 k¢/nv'), respéctively.

Aitflow simulation was gne-way, done with FLUENT 16.0 softoare. A shear stress
transport turhudent mode! widely used mthc hsdxzstryw was used with mass flow rates and nir
outflow conditions' that reflect the actial measured values obiained on site. Afler irflow

simulation was corfpleted, traces of particles simulated by a disceete phase model and released

from sclecied places were determined. The simulation resalts werd expecied to be ectiable and
able to address the research questions sdoguotely.,
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We constructed a basic- mode! of airflow i & clean room with conditions and parameters
that imitated those of the real clean room in the HDD factory, Then, we construgted a Naid
model out of it, shown in Fig. 1, that included rectangular boscs represcating. plcces of
machinery. which were cither ralsed on o plarfonm 10 em sbove the ground or kept level with
the ground 13 well a5 locatidns of ventilation indets from fim Slter units (FFUs) and wltradaw.
particulato air (ULPA) filter and outlets to returm air shafis and grilles. In additien, air could
Teak out from 3 sides of the clean zope to 3 neighboring zoncs, W called these sides ‘outflow
openings’,

3.1 Mesh Model

Out of the fluid mode! stiown in Fig. 1, we constructed 6 mesh models with different
numbets of tetrahodron cléments (3.94-9.06 millions) and nodes (1. 14- 1, 68 millions). All of
these mesh models were put through 3 hesh analysis and ft wits Found that the mesh modcl,
shidwn in Fig. 2 that was constructed with 8 07 million clements and 1,42 miltion nodes was
the best mode! in terms of thie quality of the results and comprrtation Gme,

Figare 1 A model of the clean zone Figure 2 Meshmodel

3.2 Flugnt Settings

Fluent software was set up with certnin mass.flow rates:and air inlet and outlet conditions
and parameters fisted in Table | and 2. Three air outlet conditions were investigated in ordér
10 find one that yielded the best afrflow.

Table T Air cutlet conditions and paranjeters

‘Outlet Stz Numbers: Percentsge of total gutflow (34)

(m?) Condition1 Condition 2 Condition 3
Return aiy grille 1.2x0.6 18 1% 43 39
Return air shafl, back side 1.1x0.4 ¥ 18 16 4

Retnairshaft, L1ond L2 L1x04 2 8(6) 64) 50
Rewnairshafi;R1andR2  LIx04 2 8N 6{5) 4
Outflow Openings, Land R~ 40x3 2 (% 6(6) 8(8)
Quiflow Opening, Center 20,433 ! 4 8 14
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Table 2 A:r ‘inlet conditions and paraneters

Inlet Size(m’) Numbers Temperature(®C) Mass Flow Rate (kg/s)
FFUs 1.2x0.6 36 13 984
ULPA Filter 1.2x0.6 36 20.5 11.43

Qther scttings inchuded ‘coupling” for pressiire-velocity option and “sccond order upwind®
for momentum, turbulénce kinetic energy, and turbulence dissipation opitions, and “steady

‘state” for simulation optivn. The total number of iterations was set to 1000,

4, Validation

‘We validated the reliability of our model by comparing theosetical results of outflow air
welocitics at the retum shafls sccording to Eq. (2) with amuimm resulls andr:fC‘mdmmz
inn Table 2. The comparison resulmmsbm-n in Table 3,

Tabje 3 Comparison of outflow alr velocities ot retum shafts between valiies obtained from

theoretical caleutation versus simalation,

‘Shaft Velocity (mvs) Error
Thearetical Simuluted

Retumn shafl L] 240 248 3.33%

Retum Shalt 12 1.58 1.62 2.53%

Returs Shaft RI 240 247 2.92%

Return Shaft R2 1.97 202 2.54%

It can be seen thiere (hat the maxintum discrepaney was only 3.33%. Morcover, the simulated
sirflow pattems from the FFUs and ULPA filier info the clean zoae, over the picces of
machinery, and out of the zone through the retum air shalis, grilles, and outllow openings were
in agreement with the actual partemd observed on site. All of these suggested that our
simulation resylts would be relinble,

5. Résults and Discussion

Rémdlagthcmw to our first rescarch question, the simulation results in Fig. 3 showed
thatkeeping the pieces of machinery on the same Tevel with the floor is better than putting them
on o raised platform because strong vortices fmmﬂamundmﬂmaclﬂnwmmmc
platform at the 7-cm high XY-planc'as well as 2t 3 and 9.cm XY-plancs but at fower air
velocities. These kinds of vortices werd not formed  all eround machines that are kept ou the
some level with the floor.

Reganding the investigation of the emount of unpurged particles from the clean zonc, we

simulared releases ol 6,000 swintess steed paticles from picces of machinery located fn 3 areas—

Area J: the biack of the clean zane, Aréa 2: the iniddle of the zone, and Arca 3: the frofs of the
20018, Tl‘wsinmtmmwasdmclaommaxnlzmc,mdmutustmlcdmllsamshmm
Fip. 4.
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The trace of eiich particle in Fig. 4 js color-coded according o its cesidence time in the clean
zpae, uembcmummdlbepumacs mwctynmagﬂtpwgcduutqm@kiymmaghtbc
retums air sBafts and grilles. Only o few stayed for a Jonger time which might be dug to voitices
sntor insyfficient air velocities. To confirm these results, we repeated the simulation 50 times
for cach area with 150,000 released particles and vounted the mimber of, unpurged particles.
The counts wre shown in Fig, 5.

Like the previous results, these results showed that most of the released particles got purged.
Only fewer than 420 pirticles did not get purged. Moreover, theg showed that the mumbér of
unpusged particles for the tase of keeping the picees of machinery on the same Jevid with the
flogr was fewer than those for the case of putting the picces of machinery on ruised platforms,
Whan we reported this finding to the researchens at the HDD faetory, thuy were very pleased
because not only can they have a fewver mumber of unpurged particle bug Uy can also save a
ot of investment mwney on cxpensive vibration stands for raised phatforoms.

Regarding the best 2ir flow condition for minimizing contamination among the three listed
in Teble 2 (for the case of keeping the picces of machinery on the same Jevel with the floor), &
particle tace simulation was dont with each candition, and the numbers of unpurged particle

coynts under all of the conditions were pbtaiged, shown in Fig. 6.

Tt was found that the numbers of unpuried patticles In the three areas varied, most likely due
to the differcnces in relative locations of the retum alr shafts and grilles to cach of the areas,
bitt on sverage, Condition 3 yiclded the fewest mumber of unpurged particles, This finding was
also weleomed by the rescarchiers ot the fhctory because it ogroed with o result of arempirizo)
test that they had conducted.

6. Conglusion
lnth:ssmdy.CFDWuseﬂ!os:mﬂ?&teauﬁOWmaclcanmmmm HDD factory in order to
find the best placemient for HDD prodiiction mackinery and the best air ventilstion system’s
sehup condilions- and pammeters for minimizing particulate contatination. The simulation
results showed that placing pieces of machinery on the same leve! with the floor is better than
placing them on raised plarforms. Condition 3 is the most effdctive setup conditions 1o
minimize particulate coptaminntion,
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Abstract

Hard disk drive (HRD) procuction needs to be manufactured i a_cizan room that keep paiadate
contamination to the minirum. Thesefore, this research gimed to apply the compratationat fluld dynamics
{CFD) to simulate’ airflow Inside 2 clean room of an HDD factory that plinned to ba renovated. To find the
Wm«mtdmmwumm&mmmmwﬁmaﬂmhaw 2modets of cdlean raoa|
subject to the layout and the requirement of factory were created. The resudts from CFD simulation reveated
aiflow and particie traces inside the clean foom of each model. Thess resulls agree with praliminasy dats
coueccedbymefactay Hnsiytical resolrs teid to mWMcMemeﬁm&mdmﬂmw
with efficiency to rechuce particte contarminstion in the manufacturing process, Presentiy, the results from {his
research are applied to practical applications for renovation of HDO manufacturing clean room,
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Titles Researcher Fund Budget Start Finished
(Bath) (Bath) | /Expired Year
Year
1.Simulation, Validation, and Evaluation of Dr. Jatupom Seagate 299,000 | 2559/2559 In
Cleaning Process in Ultrasonic Cleaning Tank. (100%) Technology Progress
. (Thailand) Ltd.
2.Finite Element Analysis of Micro-Gripper for Dr. Jatuporn | Research and 300,000 2558/2559 In
Handing Slider of Hard Disk Drive (100%) Researcher for Progress
Industry
3, Airflow Simulation in Clean Room for Hard Dr. Jatuporn Research and 300,000 2558/2559 In
Disk Drive Manufacturing Process (100%) Researcher for Progress
Industry
4, An Experiment and Simulation Study of | Dr. Jatuporn | Seagate 370,300 2558/2558 In
Airfflow and Temperature Distribution in (100%) Technology Progress
Seagate Teparuk’s Cleanroom (Thailand) Ltd.
5. Thermal Study on a Printed Circuit Board | Dr. Jatuporn | Cal-Comp 499,950 2557/2559 2558
(PCB) Applicable to Hard Disk Drive (100%) Electro (Thai) N Complete
Pub. Co. Ltd.
6. Study of Airflow Characteristics inside a | Dr. Jatuporn | Cal-Comp 499,950 2557/2559 2558
Computer Case and Its Application for (100%) Electro (Thai) Complete
Reducing Particle Contamination using CFD Pub. Co. Ltd.
7. Numerical investigation of airflow behavior | Dr. Jatuporn | Development 225,000 2557/2559 In
inside a DSTAR clean room (100%) and Progress
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Promotion of
Science and
Technology
Talents
. Project (DPST)
8. Study of Vibration Characteristics of a Thai | Dr. Jatuporn College of 40,000 2557/2558 2558
Traditional Brass Gong (100%) Data Storage Complete
Innovation
9. VENA Behavior Study Based on Hard Disk Dr. Jatuporn Seagate 120,750 2557 2557
Drive Environment Test using FEM (100%) Technology Complete
(Thailand) Ltd.
10. Airflow Simulation for Reflow, ULRT and | Dr. Jatuporn Seagate 110,850 2557 2557
ATAAP Machines using FEM (100%) Technology Complete
(Thailand) Ltd.
11. Effect of Environment on Airfflow | Or. Jatuporn KMITL 170,000 2556 2558
Simulation in Hard Disk Drive (100%) Complete
12. Numerical Simulation of Particle Trajectory | Dr. Jatuporn College of 150,000 2556 2558
inside Automation (100%) Data Storage Complete
Innovation
13. Parametric Study of Head Stack Assembly | Dr. Jatuporn KMITL, NSTDA | 3,712,700 2556 2558
(HSA) Vibration Characteristics (5096) and Seagate Complete
Technology
(Thailand) Ltd.
14. Humidity and Temperature Behavior in | Dr. J;tuporn Seagate 74,750 2556 2556
VENA Chamber using FEM (100%) Technology Complete
(Thailand) Ltd
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